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Abstract 
A considerable bottleneck in Brazil is the lack of technology centers aimed at industrial R&D. On one side, universities conduct basic research 
that is usually does not go beyond bench testing. On the other side, companies have their structure focused on large-scale production. Pilot 
plants, which are fundamental environments for the innovation process, are rarely found within Brazilian companies. This paper proposes a 
model for an innovative infrastructure, focused on meeting industrial demands that require special conditions of operation and control. Its scope 
is limited to supporting innovation mainly in the pre-competitive stage of product and process development. To this effect, the proposed model 
consists of a technology service center, embedded in an industrial environment, which focuses on production scale-up, large scale testing, 
manufacturing/assembly of pilot plants, and development of real size prototypes. Through these activities, this center is expected to give full 
support to technological development and to industrial innovation processes. In order to validate this proposal, an environment was modeled for 
the development of renewable energy solutions, which encompasses scale-up, testing and certification.  
© 2015 The Authors. Published by Elsevier B.V. 
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2015. 
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1. Introduction 
Economies capable of quickly generating new products or 
processes for the worldwide market have exceptional 
competitive advantage as their products, either new or derived 
from innovative processes, do not have direct competitors. 
Technological advantages form the basis of competitiveness 
for most advanced economies  allowing them to finance the 
continuity of  Research & Development (R&D) needed to 
maintain leadership in the innovation process [1]. 
Technological progress has speeded up in areas where 
innovation is directly related to science (biotechnology, 
information technology, new materials, etc.). As a great deal 
of technologies have become extremely complex, innovation 
requires more and more external and multidisciplinary 
knowledge [2]. In this context, interaction among universities, 
R&D&I (Research & Development & Innovation) institutions 
and companies is essential.  
Specialists in scientific and technological policy-making 
are already convinced that the process is far more complex, 
and that innovation depends on a national innovation system, 
that is, on a  network of public and private institutions whose 
activities and interactions start, modify and defuse new 
technologies [3]. 
Traditionally, Brazil has been characterized as a highly 
competitive country in terms of primary commodities and in 
terms of products which make intensive use of labor and 
natural resources. These products constitute the greatest share 
of Brazilian exports, and have been responsible for the 
country’s growing trade surplus. The contrast with imports, 
which have greater technological content, reflects a 
specialization standard that, despite resulting in historical 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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competitive advantages of the Brazilian economy, is far 
behind and less dynamic than the international standard [4].  
The current scenario reveals great opportunities for the 
development of medium-high technologies in Brazil. 
However, a major problem is the lack of financial support for 
technological innovation projects. The Federal government 
and CNI (National Industry Confederation) have been 
developing a program to stimulate innovation and national 
production to lever industrial competitiveness in the internal 
and external markets. The creation of Embrapii (Brazilian 
Enterprise for Industrial Research and Innovation) in 2013 
was considered one of the most effective decisions to promote 
competitiveness in Brazilian industry. The focus of the 
institution is to finance the precompetitive phase of 
innovation projects which involves steps such as prototype 
production, tests in pilot plants and studies to launch products 
and services to the market. Known as “Valley of Death”, this 
pre-competition phase involves high risks and big investment, 
therefore there are not many  financial resources available in 
the country [5].  
In December 2011, MEI (Mobilização Empresarial pela 
Inovação) showed the importance of a precompetitive 
R&D&I agenda for the country as well as the need to 
objectively face one of the central points of Brazilian 
companies’ innovation agenda: the “Valley of Death”. Up to 
that year, there were no policies or instruments in Brazil to 
support, either fully or partially the establishment of pilot 
plants or of concept tests (plants were used to develop and 
validate new methods and/or new technologies), 
demonstration plants (small-scale units, around 10% of the 
capacity of a commercial plant), or subsidies for the first plant 
on a commercial scale [6]. 
In Brazil, there is a lack of technological centers with 
industrial characteristics to act with precompetitive R&D&I 
(production scale-up, complex tests, pilot plants and 
development of prototypes in real scale).  Furthermore, there 
are very few companies with the infrastructure to carry out 
these activities. For example, when local manufacturers of 
aerogenerator blades need to test and certify their products, 
they have to send them abroad. For the country this is a high 
cost in foreign currency as they are highly technological 
services, of great added value, which the country and national 
companies  cannot perform.   
Therefore, the purpose of this article is to present an 
alternative capable of remedying the “Valley of Death” gap 
for projects that require scale-up activities: a model of a 
technological center with industrial characteristics, national 
coverage, operating in a network, with an infrastructure 
designed to support innovation under special control and 
operation conditions, mainly in the precompetitive scenario of 
product and process development, focusing on  production 
scale-up, complex tests, pilot plants and development of 
prototypes in real scale. 
2. Innovation support models 
According to [7], innovation is a concept that translates 
into implementation of a new idea which results in success, 
that is, that brings financial and commercial return as a 
consequence of a new process, product or service. Invention, 
on the other hand, assumes that such a novelty has not yet 
been tested and validated, therefore is in need of results that 
attest and reward the technological and business efforts put in. 
The “trajectory” from invention to innovation has been called 
“Valley of Death”, that is, issues between these extremes need 
to be overcome for the success of the business.  
The development of new technology and the validation 
valley shown in Fig. 1 is the focus of this article and where 
we intend to contribute. Matching costs and technological 
research & development (R&D) times to market demands is 
essential to create an ecosystem favorable for innovation and 
entrepreneurship.  
Fig. 1. “Valley of Death”. Source: Adapted from [8]. 
In short, the R&D process consists of creative work which 
is systematically done with the purpose of increasing the 
knowledge database and its applications, comprising basic 
research, applied research and experimental development [9]. 
Fig. 2 exemplifies the relationship over time of some of the 
main steps used in R&D&I processes and their 
interconnections; the steps between concept testing and 
demonstration stand out as critical,  demonstrating the 
existence of the “Valley of Death”.    
Within this framework the issue of testing and technology 
validation on a commercial scale arises. Among small-scale 
operations, in-lab research, and high-volume manufacturing, 
there is a gap seen as a significant obstacle for the transition 
of new technologies to the market, making an intermediary 
phase necessary to overcome it. This phase, known as scale-
up, consists of changing a process developed in a laboratory 
into one that allows commercial scale production, both 
economically and technically [10].  
 
 
Fig. 2. R&D&I process steps for  industrial products. Source: [11]. 
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Achieving technological development depends on an 
innovation system that offers access to the resources 
necessary for the success of a project. Besides universities, 
technological centers, incubators, technological parks, 
accelerators, among other innovation habitats, new 
organizational models have arisen to promote technological 
infrastructure and to propagate innovation.  
One of the models inspired by internationally -successful 
experiments and that has been consolidating even in Brazil is 
the Living Lab. According to the European Network of Living 
Labs [12], it is a concept based on the creation of a real-life 
environment for testing, experimenting and assessing, where 
users and producers interact in the innovation development 
process. Its main principles are related to the fact that users 
are the focus of the innovation process, and also with the 
continuous search for experimentation in real-world settings 
with the objective to provide structure and governance to user 
participation in the innovation process [13].  
Therefore, issues such as scale-up and the creation of 
environments that favor experiments and testing with 
customer involvement are central issues of the proposal in 
focus, comprising an “Industrial Living Lab”. 
3. R&D&I industrial environment model proposal 
The Fig. 3 helps to identify the necessary technological 
support for an industrial organization to be successful in the 
development and commercialization of innovative products. 
The figure was deployed in three support macrophases. The 
first is characterized by a basic R&D (Research & 
Development) and technological development (development 
and demonstration in laboratorial scale). The second 
macrophase, characterized by the “Valley of Death”, 
comprises steps such as scale-up or concept testing 
(development of methods and techniques in pilot plants for 
precompetitive validation), and demonstration (validation of 
economic presuppositions) up to product launching and 
beginning of its commercialization, when the first interaction 
with the market takes place and feedback regarding product 
characteristics is received from customers. As they are 
innovative products, it is natural that  products develop based 
on this feedback. However, if the product requires too many 
adjustments, project economic feasibility and image towards 
potential customers may be compromised.  The third 
macrophase refers to commercial-scale production, from the 
construction of highly-productive plants, after confirming the 
following product characteristics : market acceptance, low 
level of bugs and adequate production, distribution and 
support system for the sales volume.  
For big and/or extremely complex products or industrial 
processes, or those that require specific certifications and 
homologations the first macrophase usually counts on the 
support of universities and/or traditional technological 
centers. As it is a lab environment, the most common result is 
to have studies and validations via computer modeling and 
numerical simulations, associated with a lab bench 
reproducing the idea. In this phase, a scientific and 
technological feasibility analysis of the project is carried out. 
As the name suggests this analysis tries to identify  the 
feasibility of the product or process, not from the financial or 
commercial point of view, but from the scientific (does it 
work?) and technological ones (is it possible/can it be 
manufactured?). At this stage, the idea materializes and its 
conceptual feasibility is tested. However, even in successful 
cases, it is important to highlight that there is no product yet; 
there are conceptual prototypes (not necessarily functional) 
that reproduce the desired principle.  
 
Fig. 3. Technological support proposal in the “Valley of Death” stage. 
However, the path from the bench to the shelf is neither 
linear nor short. Some common mistakes in the launching of 
products or in startups must be avoided. The second 
macrophase involves intermediary precompetitive validation 
steps such as tests, bigger scale validations and studies to 
launch it onto market. In general, for soft companies of 
sectors such as Information Technology and Communication 
(software producers, for example), support structures (such as 
incubators, accelerators and traditional technological centers) 
support these steps. On the other hand, some industrial 
sectors, such as siderurgy and chemicals, have special needs 
and have to increase the scale of experiments. The process in 
laboratorial scale has to be transposed to pilot scale to check 
technical and economic feasibility of the technology proposed 
[14]. For the latter case, the main intermediary validation 
steps comprise: production scale-up, production strategy 
definition, preparation, tests and validation of the 
manufacturing environment, determination of product failure 
tree, product certification, beta test among others. When 
products that have not been properly tested are sold, the 
products or even the company may become unviable because 
customers will test them in the most unusual ways possible.  
The main obstacle to using these pilot plants is the cost 
involved in their development, assembly and operation. This 
cost is much higher than the investment to make a bench unit, 
but much less than those of a failed attempt to build an 
industrial plant based on wrong premises or on information 
received from bench scale [14]. 
It is important for Valley of Death to be overcome with 
clear, technical and well-structured actions. This paper 
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proposes a R&D&I technological center model of industrial 
characteristics that helps companies to decrease premature 
death statistics or great losses when they go through the 
critical “Valley of Death” (second macrophase of Fig. 3). The 
industrial research environment must support production 
scale-up to ensure that what was tested on a lab bench can be 
adapted to scale production; physically simulate production 
with machines and industrial plants as close as possible to 
how the product must be manufactured; support product tests 
in natural scale; and support product certification and 
homologation.  Nonetheless, these activities still do not ensure 
product success, but they make sure it will perform properly, 
within technical standards, and market and legal requirements.  
Success will depend on the business model applied and on 
whether customers see the value in the product developed.  
Currently, few companies have pilot plants. A R&D&I 
technological center of industrial characteristics is attractive 
to companies mainly due to cost and time reduction, and 
consequently, project risks. Companies would not need to 
invest in physical infrastructure, equipment and human 
resources for production scale-up. The structure of the center 
must be flexible and can be shared and reused by other 
projects from different companies. Access to government 
resources could also be easier through the center. 
The third phase is more dependent on private management 
of the company, but is not unimportant. For industrial scale 
production, it is necessary to transform innovation procedures 
into operation instructions beforehand and to adapt working 
conditions and equipment projects based on the pilot scale 
data. A proper management structure must also be developed 
to ensure continuous innovation and company growth. 
4. Proposed technological center implantation plan  
The concept of implantation proposed for the technological 
center of industrial characteristics was made based on the 
development of phases and steps shown in  Fig. 4. The results 
of the execution of the first three steps to make the center 
implantation concept – “implantation strategy”, “external 
environment analysis” and “definition of business model” – 
will be described in the sublevels below. 
Fig. 4. Phases and steps to develop the concept of implantation of the 
technological center of industrial characteristics. Source: Adapted from [15]. 
4.1. Implantation strategy 
First, the industrial sectors that had the greatest potential to 
be served by the technological center proposed were 
identified and their main demands were collected by panels of 
specialists.  The bottlenecks in Brazilian industry which have 
been relieved by foreign institutions include: wind energy 
(tests and blade development); mechanical conformation 
(validation of processes that require big equipment such as 
thousand-ton presses); naval and off-shore (development, 
equipment certification tests); automotive (crash test, 
aerodynamic studies); electric (development, tests and  
certification of components, machines, distribution 
equipment, protection and control); chemical, petrochemical 
and biotechnology (plants scale-up, development and 
processes validation); pulp & paper and oil & gas (design, 
prototyping, equipment tests and certifications).  
The Fig. 5 shows the necessary preliminary concept of the 
structure proposed to meet the demands of the potential 
sectors identified. In the center of the space, there is a utilities 
central responsible for providing steam, electricity, treated 
water among others, optimizing the resources used, as well as 
the necessary infrastructure for distribution. Each macro area 
is located in specific squares, taking individual growth 
potentials into consideration. The solar energy square must 
supply power for the square responsible for the manufacturing 
of pilot plants, demonstrating the live lab concept at the 
center.  
 
Fig. 5. Preliminary concept of the structure of the proposed technological 
center of industrial characteristics. 
It is quite unlikely that the full implantation of the structure 
presented in Fig. 5 can be done in a single step.  Firstly 
because the investment volume is massive and it could 
considerably increase project feasibility time. Secondly, due 
to the difficulty of developing a properly qualified team to all 
areas. It is proposed, therefore, that the strategy be conceived 
in implantation waves. In this study, the selection of areas and 
the implementation order were based on the potential 
demands already identified, and on the potential to interact 
with projects financed by Embrapii. The following sections of 
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the study deal with the implantation plan of the first wave, 
simulated for the state of Bahia, focusing on the renewable 
energy sector. 
4.2. External environment analysis 
4.2.1. Characterization and identification of technological 
trends: renewable energy sector case in the state of Bahia 
In 2013, the state of Bahia drew up a wind energy mapping 
of its territory to a  height up of 150 meters, and was 
identified a potential of 195 thousand megawatts of energy 
generated. This volume represents one and a half times of the 
total value of the installed capacity of all electric energy 
sources according to Agência Nacional de Energia Elétrica 
[16]. 
The transformation of this potential into projects started in 
2009, and have already marketed about four thousand 
megawatts located in the state. Bahia has two times more 
wind generation projects with issued environmental licenses 
waiting to be bought than other states. It is estimated that the 
state represents about one-third of the country’s  market [16]. 
Despite being predominantly renewable (hydraulic), the 
Brazilian electric energy matrix gets only 4% of its energy 
from the wind, indicating that there is great room for 
expansion. Countries such as Spain and Denmark already 
produce more than 20% of their electric energy from the wind 
[17]. 
The installed capacity growth curve in Brazil shows the 
strong expansion of electric energy generation from wind 
sources. This process has been going on in a sustainable way, 
given the competitiveness of this source in relation to other 
alternatives to increase the supply of electricity, with the 
exception of large hydroelectric power plants.  
The renewable energy sector is one of the strongest and 
most promising in the state, with great demand designed to a 
technological center of industrial characteristics. Brazil is 
envolving its industrial model for the sector with assembling 
aerogenerators locally; manufacturing several components 
such as towers, blades, hubs and nacelle subcomponents 
locally, and by importing a smaller number of items. Local 
knowledge, however, does not necessarily advance at the 
same pace as that of the market. There is no specific 
knowledge in Brazil to develop a project for most of the 
components necessaryfor the wind power industry; there is a 
lack of a structure to support the technological development 
that integrates precompetitive and competitive stages.  
In general, the main trends identified for the renewable 
energy sector relate to the development of energy systems, 
including the development of new materials, constructive 
arrangements, checking of material quality, and delivery of 
qualified services such as power efficiency, manufacturing, 
logistics, metal-mechanic, electronics, instrumentation, 
control, reliability among others.  
4.2.2. Identification of opportunities and threats 
The following opportunities were identified in the 
renewable energy area: increased demand to carry out tests on 
wind and solar energy equipment, increased demand for 
specialized technical services, growing interest for sustainable 
practices and environmental certifications by companies and 
society, trend towards searching for greater energy efficiency 
in productive processes due to the need to improve industry 
competitiveness, and development of new components and 
energy systems.  
Besides the opportunities, the following threats were also 
identified: unpredictability to secure a contract (between 
companies/government and companies) to buy renewable 
energy in the long run despite the strong growth trend 
foreseen, the sector is not very receptive to new technologies 
as products are developed for global scale, other technological 
centers seeking to consolidate as an option to the industry of 
the sector, international market interested in keeping captive 
regarding the delivery of specialized services for the national 
industry.  
4.3. Products & services portfolio and installations   
To help define products and services to be offered by the 
proposed technological center, a panel of specialists was 
formed to identify the eminent needs pointed out by the 
market, aligned with the trends of the sector and the 
opportunities and threats identified. In general, the main focus 
of the proposed center is the delivery of consulting services 
and the execution of technological tests to meet the demands 
of wind and solar energy productive chains. Furthermore, 
innovation projects that require testing prototypes under 
conditions similar to operation/extreme conditions. Table 1 
shows a synthesis of the main products and services with 
potential to be developed under the scope of this technological 
center. It also identifies products and services that depend on 
industrial infrastructure (“CTC ind.”) and those that could be 
done at universities or traditional technological centers 
(“Univ. or CTC trad.”). 
Table 1. Description of types of products and services in the renewable 
energy area offered by the industrial technological center. 
Type of products or 
service  Description of product or service  
CTC 
ind. 
Univ. or 
CT C 
trad. 
Studies and aeroelasticity 
analysis (fluid-structure 
interaction) in 
aerogenerator rotors 
Analysis of aerodynamic profiles 
and effects on the structure of wind 
generator rotors  (profile dynamic 
effect on support structures). 
X X 
Studies and integrity tests 
on 
equipment/aerogenerator 
components  
Compliance to standard 
requirements: tests on measuring 
instruments (anemometers, etc.), 
wind power blades, generators, 
multipliers and converters. 
X X 
Studies and dynamic tests 
on aerogenerator rotors 
through vibroacoustic 
analysis  
Wind generator tests at testing field 
and bench simulation to test new 
rotor configurations through 
vibroacoustic evaluation.  
X  
Studies, sensing and data 
analysis of anemometric 
towers and wind parks 
Installation and monitoring of  wind 
speed and temperature measuring 
sensors, etc. on anemometric 
towers.  
 X 
Studies and tests in 
energy systems  
Energy system evaluation tests 
(system global performance 
evaluation). 
X  
Studies and development 
of new materials and 
technologies  
Research and development of new 
materials and technologies. 
Performance of field tests and tests 
on components in natural scale. 
X  
Studies and productive 
process improvement in 
industrial chain of 
renewable energy  
Productive processes diagnosis, 
improvement implantation and 
processes standardization, 
adaptation of production plants 
layout.  
 X 
Studies and mapping of 
potential wind sites and 
micrositing 
Certification of wind potential 
available to generate sites and 
places with the use of computer 
 X 
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tools. 
Flow measurement 
through heliothermic 
systems ultrasound 
Non-intrusive flow measurement to 
measure fluid flow in  heliothermic 
systems. 
 X 
Field tests for structural 
analysis and validation of 
potential wind generators  
Testing of wind generators in 
testing fields and in installed parks 
(structural analysis of working 
component and validation of power 
generation under real conditions). 
X  
 
To develop this portfolio, the center will need either its 
own infrastructure or that of partners’, with service, Research 
& Development labs and pilot-plants such as: Anemometry 
Lab, Wind Instrumentation Lab, Wind Components Lab, 
Blade Testing Center, Aerodynamics Lab, Aerogenerators 
Testing Lab, Testing & Development Experimental Park. 
5. Conclusion 
For some industrial sectors, it is extremely important to 
carry out tests on a pilot scale to validate products and 
processes. These tests diminish the risk of product failure in 
the market and consequently contribute to increased company 
competitiveness.  
For the wind energy sector today, it is possible to see 
opportunities due to the fast implantation of plants and wind 
parks. On the other hand, challenges can also be foreseen as 
there are no national certification structures and tests for this 
market. Generally speaking, in Brazil there is a lack of 
infrastructure that offers technical and technological services 
for production scale-up (Valley of Death). 
This paper presents an alternative to close this gap 
through the implantation of a technological center of 
industrial characteristics.   
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